Background. The current topics in fish fatty acid (FA) research include qualitative comparisons, trophic transfer as nutritive sources of FA, evolutionary comparison of synthesis pathways, and potential application of most efficient fish desaturases and elongases. FA are scarcely investigated in Elopomorpha and Anguilliformes, except for common-and Japanese eels. In this study determines the differences in lipid composition of FA between species of the order Anguilliformes, representing three families, Mediterranean moray, Muraena helena Linnaeus, 1758; European conger, Conger conger (Linnaeus, 1758); and European eel Anguilla anguilla (Linnaeus, 1758) (thereafter moray, conger, and eel, respectively). These are the first results on FA for the moray. Material and methods. The fishes were collected in September 2011 on the Croatian coast of the Adriatic Sea, including the Neretva River estuary. Total lipids were extracted and the fatty acid profile in total lipid isolates were determined by gas chromatography of the corresponding methyl esters, obtained by acid methanolysis. A Hewlett Packard HP 5890A capillary gas chromatograph equipped with flame ionization detector (FID) was used. Results. Both moray and conger were less fatty than eel but had higher ω FA content, especially ω-3. Moray and conger, contained more proteins than lipids, while in eel, lipids exceeded the crude protein content. Conger was the leanest fish among the three. The qualitative SFA, MUFA, and PUFA were species specific (myristic FA characteristic for moray). PUFA were higher in moray and conger, due primarily to DHA. Moray showed the most favourable qualitative lipid content and profile and best ratio of ω-3 to ω-6 FA. Moray had 7.6-and conger 11-fold more DHA than eel. Approximate ratios along ω-3 biosynthesis pathway, show that there was 6-fold more EPA than α-LNA in moray and conger, and only 1.64-in eel, 5.63-fold, and 11.27-fold more DHA than DPA in Mediterranean moray and conger, respectively, and only 1.03-fold more in eel Approximate ratios along ω-3 biosynthesis pathway, show that there was 6-fold more EPA than α-LNA in moray and conger, and only 1.64-fold in eel. DHA was 5.63-fold, and 11.27-fold more abundant than DPA in moray and conger, respectively. In comparison, eel had only 1.03-fold more DHA than DPA. Conclusions. Although trophic status and environment are the most determined, the differences in individual FA ratios might indirectly suggest different physiological utilization of elongation pathways in each species. Presently reported results draw focus on Muraena helena and Conger conger to be included in the studies elongase and desaturase pathways in teleost fish.
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INTRODUCTION
of high trophic status. Within these reports, by reporting the extensive species list, it was shown that Mediterranean moray consumed by 6.84 percentage points (pp) less crustaceans (weight/weight) and by 9.23 pp more fish (weight/weight) within their prey than European conger (Matić-Skoko et al. 2012 , Anastasopoulou et al. 2013 , Sallami et al. 2014 . Because it is known from experimental manipulation of various FA in the diet of eels in captivity and in aquaculture that there are links between dietary intake and the incorporation of FA (Støttrup et al. 2013) we formulated a hypothesis that the composition of total lipids and FA in Mediterranean moray and European conger might show differences mainly because of presented feeding differences. Besides, in a previous study of POP bioaccumulation in Mediterranean moray (Đikić et al. 2013) we were curious whether Mediterranean moray has a high enough total lipid content and lipophilic potential for bioaccumulation studies, however we could not find any published data on total lipid levels in this fish.
Thus the aim of this study was to compare the differences in the total lipid content and their fatty acid (FA) compositions between three angiulliform species, Mediterranean moray, European conger, and European eel (thereafter moray, conger, and eel, respectively).
MATERIALS AND METHODS
The specimens of moray, conger, and eel, were collected on the Croatian coast of the Adriatic Sea, including the Neretva River estuary. The following parameters of the fish tissues were determined: dry matter, moisture, ash, total lipids, crude proteins, and individual fatty acid content within the isolated total lipids. The sampled wild eels were used as an out-group (in regard to its different environment) and internal standard control of accuracy of the biochemical methods (i.e., biological control). For wild caught eels and for some farmed eels data on FA are at least partially available in literature which also makes this species also comparable. Material. Moray and conger specimens were collected during the same field trip, in September 2011, and on the same location in the Adriatic Sea (42.761019ºN, 17.765090ºW, Fig. 1 ), Elaphiti Islands near Dubrovnik, Croatia. Eel were collected in the delta and estuary of the Neretva River entering the Adriatic Sea (43.033655ºN, 17.551200ºW, Fig. 1 ) two days later. To assure approximate uniformity of the samples the fish collected were comparable in age. The fish basic parameters were as follows, moray (age = 7.0 ± 2.12 years, total length 72.37 ± 13.4 cm), conger (age = 5.6 ± 1.00 years, total length 70.00 ± 8.6 cm), eel (age = 7.00 ± 1.67 years, total length 57.35 ± 8.77 cm). Full details are provided by Matić-Skoko et al. (2011 and Đikić et al. (2013) . Fishes (n = 30; 10 per species) were anesthetized (MS-222) and sacrificed by decapitation prior to sample preparation. The procedures performed were in accordance with the EU Directive 63/2010 (Anonymous 2010) and its subsequent amendments and in accordance with the Croatian national regulation concerning experiments on animals (Anonymous 2006). Tissue samples preparation for the biochemical analysis. A partial cross-section of the tail region in all specimens, approximately 10 cm in length from the anus toward the tail tip, was isolated from each fish specimen. The bones were removed and the tail portion (muscle tissue, subdermal fat, and skin) macerated. The samples were taken from this aliquot for all analyses and stored at -80°C in airtight containers until analysed. Moisture content analysis. Moisture content was determined in samples with a mean mass of 1 g by standard drying method at 105°C until constant mass was attained (Peninal et al. 2012 ) and calculated as
where M % is %moisture, W L is loss of mass, and W is mass of sample. Ash analysis. The ash content of the sample was analysed as the residue remaining after complete combustion in a muffle furnace (Gerhardt) at 550-600°C till the residue turned whitish in colour (Peninal et al. 2012 ) and calculated as
where A % is %ash, W A is mass of ash, and W is mass of sample.
Crude protein content analysis. Crude protein content was estimated by multiplying the nitrogen content of the dried sample by 6.25, which was determined by Kjeldahl method as described in Peninal et al. (2012) .
Extraction and total lipid analysis. Total lipids were extracted (Varljen et al. 2003 ) by a chloroform/methanol solvent mixture (2 ÷ 1) added to samples at a 20 ÷ 1 ratio. Samples were centrifuged 3 times for 15 min at 4000 rpm. Intervals between centrifugations were 1 h at 4°C. Following this, 4 mL of 0.034% MgCl 2 · g -1 was added and then incubated overnight at 4°C. The upper (aqueous) layer was removed, and the lower (organic) layer was rinsed with chloroform/methanol mixture (2 ÷ 1), and placed into glass tubes. Evaporation of the lower phase provided the total lipid fraction. The solvent was removed in a rotary evaporator under vacuum at 40°C. These extracts, representing total lipids, were weighed and dissolved once again in a small volume (1-2 mL) of chloroform/methanol mixture (2 ÷ 1). The resulting extract of total lipids was stored at 4°C until further analysis. Fatty acid analysis. The fatty acid (FA) profile in total lipid isolates were determined by gas chromatography of the corresponding methyl esters. FA methyl esters were obtained by acid methanolysis of lipid extracts by adding 0.86 mL benzene and 1.00 mL BF3 in methanol. A Hewlett Packard HP 5890A capillary gas chromatograph equipped with flame ionization detector (FID) was used. A non-polar capillary column HP Innowax cross-linked polyethyleneglycol (HP-5, 30 m × 0.32 mm), containing 5% diphenyl and 95% dimethylsiloxane, was used for analysis. The column temperature was programmed for a linear increase of 4°C · min -1 from 150 to 210°C. The injector and detector temperatures were 250°C. Nitrogen was used as the carrier gas. Analyses were performed in triplicate. FA methyl esters were identified by comparing their retention times with those of the commercial FA methyl ester standards (GLC 68B Nu-Check-prep, Inc., Elysian, Minnesota). The relative share of each identified FA was calculated automatically. Statistical analysis. Values are presented as mean ± standard deviation. The STATISTICA 12.0 software was used for data analysis. Homogeneity was tested by Levene's test. One-way ANOVA was used to test and compare the differences in biochemical parameter and FA compositions. For Post hoc analysis a LSD test was used. The statistical differences were set at (P ≤ 0.05).
RESULTS
Between the three anguilliform species, the moray (MM) and conger (EC) contained more (P ≤ 0.05) moisture and ash but less (P ≤ 0.05) dry matter than the eel (EE) ( Table 1) . Moray, conger, and eel had similar amounts of crude protein (Fig. 2) . However, major differences (P ≤ 0.05) were discovered in the total lipid content of each species (Fig. 2) . Interspecies comparison showed the array of lipid content from lowest to highest was EC < MM < EE. Moray and conger had a higher protein than lipid content, while eel contained more lipids than protein (Fig. 2) .
The specific fatty acid content ( Fig. 3) showed that the quantitative ratio of saturated (SFA) to unsaturated fatty acids (UFA) were similar in all three analysed species.
Within UFA, there were important quality differences, as moray and conger contained almost 2 times lower amounts (P ≤ 0.05) of monounsaturated fatty acids (MUFA) than eel (Fig. 3) . Consequently, the moray and conger had higher (P ≤ 0.05) amounts of polyunsaturated fatty acids (PUFA) than the eel (Fig. 3) . The array of PUFA concentrations from highest to lowest content within the species were: EC > MM > EE, directly reverse than total lipid content. Furthermore, the ratios of ω-3 ÷ ω-6 proved that moray contained the highest ratio of 3.14 ÷ 1, conger had a ratio of 3.11 ÷ 1, while the eel had a reversed ratio of 0.80 ÷ 1 (Fig. 4) . In addition to the described quantity similarities in SFA and UFA and differences in content of MUFA and PUFA (Fig. 3 ), prominent differences were found in the qualitative proportions of individual FA (Table 2) .
Among SFA, the major fatty acids detected in all species were palmitic-(C16:0), myristic-(C14:0), and stearic acids (C18:0), from highest to lowest. Moray had the highest (P ≤ 0.05) proportion of palmitic acid (C16:0) compared to conger, while eel had a slightly lower but significant (P ≤ 0.05) proportion than the other two species. Moray had a highest (P ≤ 0.05) content of myristic (C14:0), while stearic (C18:0) acid was most abundant in conger (P ≤ 0.05).
Among the MUFA, oleic acid (C18:1) was most abundant in all three species, with the highest content in eel (P ≤ 0.05), almost double amount than in other two species. The second most abundant FA was palmitoleic acid (C16:1), which was present in a higher (P ≤ 0.05) proportion in moray and eel than in conger. In all three species, individual fatty content of other MUFA was lower than 1.0%, with the exception of eicoasaenoic acid (C20:1 c + t) ( Table 2) .
Among PUFA, interspecies differences (P ≤ 0.05) were prominent. The values of arachidonic acid (ARA; C20:4 n-6) were different (P ≤ 0.05) in moray compared to conger and eel. Eicosapentaenoic acid (EPA, C20:5 n-3) was lower (P ≤ 0.05) in eel than in moray or conger. The proportion of docosapentaenoic acid (DPA, C22:5 n-3) was higher (P ≤ 0.05) in moray than in conger and eel. Content of docosahexaenoic acid (DHA, C22:6 n-3) in moray and conger was significantly higher (P ≤ 0.05) than in eel. Moray had approximately 7.6 times and conger had approximately 11 times more DHA than eel. Amongst the three species conger had the highest value of DHA but only by approximately 1.5 higher than moray. Table 3 shows the individual FA bioconversion capacity, a ratio between substrate and product within biochemical FA synthesis pathways. Moray and conger had significantly higher (P ≤ 0.05) EPA ÷ αLNA and DHA ÷ DPA ratio and significantly lower (P ≤ 0.05) DPA ÷ EPA ratio than the eel.
DISCUSSION
The objective of this study was to compare the biochemical differences in the fatty acid profile in three related anguilliform species.
Basic biochemical analysis of moisture content showed that moray and conger had higher moisture content than eel. This can be explained by physiology of osmoregulation in marine environment, since marine fish tend to retain water to prevent permanent physiological dehydration in salt water. Also as a consequence of marine origin, moray and conger had higher amounts of inorganic Degani et al. 1986 ) which was also similar for other eel species (Oku et al. 2009 , Rupia et al. 2014 ).
The main results of this study show, however, that all three species had similar amounts of crude protein but had prominent interspecies differences in total lipid content (Fig. 2) . The total lipid content in moray and conger did not exceed the crude proteins content, while in eel total lipid exceeded the crude protein content. Moray and conger had 4-10-fold lower (P ≤ 0.05) wet body mass (w.w.) of total lipid than the eel. With lowest lipid level of about 4-fold lower than the moray and about 10-fold lower than the eel, conger was the leanest species analysed in this study. No record on total lipid reports were found for moray, only the results of total lipid in the tropical genus Gymnothorax sp. were reported to be 10.9%-14.1% w.w. (Goodman-Lowe et al. 2009 ). For conger, the results were within ranges recorded for Adriatic Sea fish which were between 3.7% and 3.8% w.w. of total lipid (Varljen et al. 2003 , Lombardi et al. 2006 , it would be interesting if northern or Atlantic populations would have similar ranges. The reference values for eel were also in accordance with the presently reported protein ÷ lipid ratios (Lie et al. 1990 , Mazzeo et al. 2010 , Ersoy 2011 , El Oudiani and Hechmi 2013 . The ratio differences between protein and lipids were slightly higher here than recorded in Boëtius and Boëtius (1985) .
We concluded that in the phylogenetic and taxonomic contexts the total lipid content recorded in this study, beside trophic influence, is also a biological trait of each family-the Muraenidae and the Congridae, because the results were consistent with the earlier mentioned (related) Conger sp. species. However, one should be careful in comparison because lipid contents can be quite variable between tropical and temperate moray species (as it is the case for moisture content of conger).
The main reason for the differences in total lipid content is probably a trophic status of the three species. As we noted earlier, moray consumed less crustaceans and more fish than conger (Matić-Skoko et al. 2012 . Eel, coming from brackish water, probably consumed completely different diet and different taxa. Additionally, ecophysiology of thermal adaptation to the seasonal temperature variations of inland waters might influence more lipid storage than in a thermally stable marine environment. Variations in total lipid content and the profile of different lipid types are common in cold adaptations among fish and other vertebrates (Palmerini et al. 2009 , Heffer-Lauc et al. 2010 , Mazzeo et al. 2010 , Ghazali et al. 2013 . Also, lipids tend to accumulate in eel prior to spawning migration (Dębowska et al. 2015) but also tend to increase with growth (Degani et al. 1986 ). We could only guess whether any growth phase of moray and conger would follow the same trend as noted in Dębowska et al. (2015) and Degani et al. (1986) especially in the first years of growth, in this study such correlation was impossible since all animals were adults above 5 up to 7 years of age (Matić-Skoko at al. 2012 . Nevertheless, fish with more than 5% lipid content are generally regarded as fatty (Oku et al. 2009 , Peninal et al. 2012 ) thus all three species can be considered as such. In the introduction we explained a special interest in total lipid content in terms of ecotoxicological studies of bioaccumulation. Results indicate that moray can be regarded as species of high lipophilic potential alongside certain conger and eel species (Arai and Takeda 2012). Based on lipid compositions and xenobiotic accumulation and high trophic status we would recommend moray as bioindicator organism in ecotoxicological studies of local pollutant accumulation in benthic communities.
Amongst the individual FA analysed in this study, the quantitative SFA profiles (Fig. 3 ) of all three species were similar and corresponded to the usual ranges in vertebrates (Varljen et al. 2003 , Heffer-Lauc et al. 2010 . Published sources report SFA values of 33.7% for conger (Varljen et al. 2003 ) and 27.4%-28.2% for eel (Lie et al. 1990 , Mazzeo et al. 2010 , Ersoy 2011 , El Oudiani and Hechmi 2013 , Baeza et al. 2014 , which is similar to our results. On the other hand, qualitative SFA, MUFA, and PUFA content and profiles were species specific (Fig. 3,  Table 2 ). Qualitatively, slight differences in the content of individual SFA can be attributed as the characteristic and unique "FA fingerprint" among the analysed species. The palmitic (C16:0), stearic (C18:0), and myristic (C14:0) ratios were species specific (for example myristic for the moray). In contrast among MUFA, oleic (C18:1) was characteristically higher in eel.
Total PUFA content was prominently different, higher in moray and conger, with DHA as the main contributor. Between those two species, conger showed the highest PUFA concentrations, though moray showed the most qualitatively favourable ratios of important ω FA (Fig.  4) . Individual FA percentage ratios of total lipid (Table 2) for conger were within similar ranges as in Varljen et al. (2003) and Lombardi et al. (2006) . For eel results (Table  2 ) corresponded within ranges reported in literature. In the references, the particular % total lipid ranges for wild eel (31.1-48.2 cm) were for example 0.49%-1.6% (for α-LNA); 1.41%-4.86% (for EPA); 1.10%-3.1% (for DPA); and 1.2%-4.8% (for DHA), but other FA correspond by ranges as well (Lie et al. 1990 , Mazzeo et al. 2010 , Ersoy 2011 , El Oudiani and Hechmi 2013 .
We believe that these observed FA differences are a direct consequence of trophic ecology since eel feed prey of freshwater origin, and moray and conger feed prey of marine origin. It is well known that FA composition of fish reflects dietary FA. Although in fish variations of FA are dependent on the season, for the purpose of this study we used the same season for all three species at the end of summer when the accumulation of fatty tissue reach higher levels. Therefore, FA composition of wild fish depends on area where fish were caught. Differences between freshwater and marine environment greatly affect FA composition of anguilliform species, but with possible contribution of intrinsic bioconversion capacity of fish. Between the fish from the same environment, trophic differences were probably also the major basis for disparity in PUFA and ω-3 between moray and conger. Following the pray species list in Matić-Skoko et al. (2012 , we tried to find literature values on lipid profiles for each consumed species (fish, shellfish, and crustacean) and correlate them to the results here. For majority of consumed species such data on FA composition do not exist and measuring each pray species listed would surpass the limits of this work. Interesting was the presence of cannibalism in conger and its absence in moray (Matić-Skoko et al. 2012 , thus the consumption of PUFA and ω-3 rich prey (conger by cannibalising its conspecifics trophicaly re-converts ω-3), contributes to an even higher content in that species, although moray consumes conger as well.
Most interesting was the observation of higher amount of α-linolenic (α-LNA, C18:3 n-3) and lower amounts of EPA (C20:5 n-3) and DHA (C22:6 n-3) in eel and the reverse trend recorded in moray and conger. It is generally accepted that α-LNA and LA are essential FA and cannot be synthesized in vertebrates, thus their content is dietary dependent and that freshwater and terrestrial organisms have more dietary available α-LNA and LA. Freshwater and terrestrial organisms have higher degree of utilization of biosynthesis pathways and bioaccumulation of ω-3 FA, more than marine fish which are surrounded by abundant dietary sources of ω-3 FA (Tocher 2003 , Hixon et al. 2015 , Castro et al. 2016 . This is in line with observed higher α-LNA and lower EPA and DHA in eel compared to marine species (Table 2) . However, vertebrates, including fish, can convert α-LNA and LA to ARA, EPA, and DHA to a certain extent. Fish elongase and Δ5-and Δ6-desaturase biochemically elongate and convert the precursor FA α-LNA to EPA and then to DPA, which is then converted to DHA in the liver and intestine (Boldsen et al. 2013 , Damsteegt et al. 2014 , Xue et al. 2014 , Kabeya et al. 2015 . The degree of efficacy in various organisms is a subject of broad discussions, especially since the ω-3 FA DHA synthesis in marine fish is believed to be low or non existing. These general paradigms are more complex than it appears and are dependent on the levels of FA elongase (Elovl 2 and 5 mainly) and FA desaturase (Fads 2 mainly) gene expression and Δ5, Δ6, and recently demonstrated Δ8 and Δ4 activity in some marine species (Tocher 2003 , Monroig et al. 2011 , Castro et al. 2016 ). The ratios of FA ( Table 3 ) indirectly indicate that in moray and conger alongside synthesis chain from α-LNA to DHA, there are differences in amounts of precursor and substrate molecules than in the eel. Approximate ratios show that there is 6-fold more EPA than α-LNA in moray and conger, and only 1.64-fold in eel, or 5.63-fold and 11.27-fold more DHA than DPA in moray and conger respectively, and only 1.03-fold more in eel (Table 3) . Literature data ranges of total lipids for eel (Lie et al. 1990 , Mazzeo et al. 2010 , Ersoy 2011 , El Oudiani and Hechmi 2013 were similar, amounting to 1.83%-4.86% (for EPA/α-LNA); 0.57%-0.85% (for DPA-n3/EPA); and 0.57%-1.69% (for DHA/DPA-n3). Furthermore, for example, in various tuna species their oils (of particular body parts) have high contents of DHA (25%-36% total lipid, depending on species) and high ratios of DHA ÷ EPA (5.8-11.3). That these ratios were higher than the DHA ÷ EPA ratio in stomach contents (up to 4) of devoured food in tuna, a probable consequence of selective metabolism (bioconversion and β oxidations) in this fish type as explained by (Tocher 2003) . In this study, DHA ÷ EPA in moray was approximately 3.7, in conger 5.9, and in eel only 0.8. Similar ratios, if calculated from literature data for DHA ÷ EPA in conger was 9.6 in Varljen et al. (2003) , and in eel in the range between 0.5-1.3 (Lie et al. 1990 , Mazzeo et al. 2010 , Ersoy 2011 , El Oudiani and Hechmi 2013 . Thus, based on these high indices, similar as in tuna, it should be at least hypothesized whether the moray and conger, compared to eel, have different intrinsic bioconversion and bioaccumulation capacity for EPA and DHA, beside dietary intake (which is certain only for essential dietary α-LNA that has to be ingested).
Bioconversion potential is largely known in anadromous fishes (i.e., Atlantic salmon) and for a catadromous fish (e.g., Japanese eel) possessing Fads 2 and Elovl 5, it was reported that its bioconversion activity of Δ6 ÷ Δ8 is similar to Atlantic salmon but activity of enzymes towards C18 to C20 resembles general paradigms of marine species. The Fad ÷ Elovl expressed in yeast showed %conversion rates of elongase and desaturase from α-LNA to C20:4n-3 by Δ6 to be ≈65% and by Δ8 to be ≈6% and elongase rates from EPA to DPA ≈30% but 0% conversion rates of elongase and desaturase from DPA toward DHA, which is a mentioned marine fish paradigm (Wang et al. 2014) . If the future studies show that these pathways are equally efficient in all three eel species, then the differences in the FA compositions have to be attributed to the trophic physiology and prey composition as assumed at the beginning of this study.
We leave the open hypothesis that high DHA content, might also be intrinsically biosynthesized in moray and conger, although they probably have bioconversion activity of Fads2 Δ6 ÷ Δ8 and Elovl 5, inefficient toward synthesis of 22n-3 PUFA. Interestingly, Giudetti et al. (2001) demonstrated that in eel elongase activities, in active pathway parts, under certain circumstances exceed 2-fold the activity of mammalian elongase enzymes. Thus, the right question from Tables 2 (FA contents) and Table 3 (FA ratios) and the discussion on elongase and desaturase pathways is how much more potent these system are in moray or conger compared to eel, other fish, mammals or other vertebrates. No similar studies were made. Evolution of elongase systems in teleost fish, its genetic background or their possible exploitation and application is extensively studied and important, especially since natural nutritional and industrial ω-3 FA sources are diminished or overexploited (i.e., cod fish oil etc.) (Leaver et al. 2008 , Castro et al. 2016 ).
In conclusion, this study showed that both moray and conger were less fatty than eel but had higher ω-FA content. As hypothesized on trophic studies of these three species, their lipid profiles were species specific. The results also indirectly pointed to differences in the physiological utilization of biochemical elongation and desaturation pathways and differences in FA bioconversion and bioaccumulation. This topic should be further investigated among anguilliform, especially the genetic background or its possible exploitation and application.
We hope that the results brought here would contribute to this broader content and draw focus on moray and conger to be included in the studies on evolution of elongase and desaturase systems in teleost fish.
